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1. Abstract
Lipases (triacylglycerol acyl hydrolases (EC 3.1.1.3) which account for up to 10% of the enzyme
market are widely used in different processes of industrial importance based on their ability to
catalyze both synthetic and hydrolytic reactions. Some of the industrial applications that
employed the use of lipases include biofuel production, detergent formulation, fine chemical
synthesis, perfumery and cosmetics, leather processing, pharmaceuticals and medical
diagnostics, food and feed processing. Lipases of microbial origin have greater industrial
attraction because they are available in large quantities and can be produced with high yields.
Moreover, advances in industrial biotechnology offer potential opportunities for economic
utilization of agro industrial residues for the production of lipase.
In this study, Solid State Fermentation (SSF) is used for the production of lipase using a fungal
strain, Aspergillus Niger (MTCC 872). A total of five substrate ratios, using three agricultural
residues, rice husk, cotton seed cake and red gram were considered for experiments of lipase
production by SSF. Out of these, 2:1:1 ratio of the respective substrates yielded maximum lipase
activity of 27.2U/gds after 48h of fermentation. The optimum incubation, temperature, moisture
content and pH for 5g of this substrate were found to be 48h at 40oC, 70% and 6.0 respectively.
The lipase produced using these optimal process parameters when scaled up to 100g and
semipilot 1kg level yielded 24.38U/gds and 21.62U/gds respectively. This is the first report on
Aspergillus Niger MTCC 872 strain that can give maximum activity of 27.2U/gds, a potential
strain for industrial application.
2. Objectives
I. To develop a novel tri-substrate using agricultural residues viz., rice husk, cotton seed
cake and red gram for production of maximum lipase activity.
II. To study the effect of process parameters of temperature, moisture and pH on lipase
activity in a flask level.
III. To study the scale up of lipase in large scale fermentation for substrate of 100g and
1000g.
IV. To compare the lipase activity by SSF from flask level to tray fermenter level.
3. Introduction
3.1 Fungal Lipases
Lipase belongs to the class of enzymes called hydrolases that catalyze the breakdown of fats i.e.,
it catalyses triglycerol to yield diglycerol and fatty acid anion.The mechanism is seen in figure 1.
Lipase has a molecular formula of C11H9N3NaO2and a molecular weight of 238.197829 g/mol.
There are two types of lipases: Acidic and Alkaline lipases. Among lipases from plant, animal
and microbial sources, it is the microbial lipase which are used for commercial applications as
they can be easily cultivated, relatively stable and their lipase can act as a catalyst for wide range
of hydrolytic and synthetic reactions. Lipase is an enzyme that can be secreted by a wide range
of micro-organisms. Fungi and bacteria may secrete lipase to facilitate nutrient absorption from
the external medium. The production of lipase requires carbon and nitrogen sources as required
by any fermentation process. The effect of carbon and nitrogen source plays an important role in
efficient production of lipase in microbes. The physical parameters like pH, temperature etc.,
also influences the production rate.
Fig 1: Action of lipase as catalyst in transesterification
Fungal lipases are mostly extracellular. Most commercially important lipase-producing fungi are
recognized as belonging to the genera Rhizopus sp., Aspergillus sp., Penicillium sp., Geotrichum
sp., Mucor sp., and Rhizomucor sp. Lipase produced by different fungi and their optimum
production conditions are mentioned in table 1. Lipase producing microorganisms have been
found in different habitats such as industrial wastes, vegetable oil processing factories, dairy
plants, and soil contaminated with oil and oilseeds among others. Recently, some works
reporting the use of immobilized whole biomass of filamentous fungi have also been published.
The immobilization is advantageous since it can avoid biomass washout at high dilution rates.
Also, high cell concentration in the reactor could be achieved and the separation of biomass from
the medium is favored.
Various techniques have been used to determine the lipase enzyme activity. The commonly used
techniques are turbidimetry, interfacial tensiometry, atomic force microscopy, infrared
spectroscopy, titrimetry, colorimetry, flourimetry, chromatography, electron microscopy and
immunodetection.
Lipases are one of the important groups of biocatalysts used in biotechnological applications.
Lipases extracted from microorganisms are used in various industries such as dairy, food,
detergents, and textile, pharmaceutical, cosmetic and biodiesel industries. It is also used for
synthesis of fine chemicals, agrochemicals and new polymeric materials. Lipases are added to
detergents such as household and industrial laundry and also in household dishwashers, where
their function is removal of fatty residues and cleaning clogged drains.
Table 1: Comparison of lipase production by various fungi.
Microorganisms Solid Substrate Inducers Fermentation
conditions(hours) LipaseActivity Units
Fusarium
oxysporum
Wheat bran Cetyl
trimethylammonium
bromide
96 h, pH-8.5, 40°C,
high MC
111.48 U/ml
Aspergillus
flavus
Wheat bran and
Castor oil cake
- 96 h, pH-7.0, 30°C,
MC 64% w/w
121.35 U/gds
Aspergillus niger Rice bran -
pH-6.87, 30.3°C
121.53 (U/g
dss)
Colletotrichum
gloeosporioides
Sunflower oil Triton X-100
pH-6.5, 25°C
2560 U/g DM
Yarrowia
lipolytica NCIM
3589
Palm Kernal cake -
MC 70% v/w, 96 h
18.58 U/ gds
Aspergillus niger
J-1
Olive oil  and
Glucose
- pH-7.0, 30°C for 7
days
9.14 IU/gdss
Aspergillus
niger MTCC
2594
Wheat bran,
Coconut oil cake
and Wheat rawa
Olive oil, Sesame oil
and Sunflower oil 72h, 30°C, pH-7.0,
MC 60% v/w
745.7 ± 11
U/gds
Rhizomucar
rhizopodiformis
Sugar cane
bagasse and
Olive oil
cake
-
20 h-24 h
79.60 U/gds
Aspergillus
niger MTCC
2594
Gingelly oil cake - 250 ml EF,
30°C,120h, pH-7.0,
MC 60%
363.6 /gds
Penicillium
restrictum
Babassu oil cake Peptone, Oliveoil and
Starch EF, 30°C, 15-65 h,
30.3 U/g
Rhizopus
oligosporous
NCIM
1
2
0
7
Wheat bran and
Olive oil
Nacl, Triton X-100 500ml EF, 45°C, pH-
2.5, 24 h, MC 71.4%
630 IU/gds
Aspergillus.sps \Wheat rawa - 250 ml EF, 30°C, pH-
7.0, 96 h
1934 U/g
Penicillium
restrictum
Babassu oil cake and
Olive oil
- Tray reactor, 37°C, 24
h, pH-7.0
5.8 U/ml
Rhizopus oryzae
PTCC 5176
Bagasse and Urea Olive oil and Canola oil Tray-bioreactor,
pH8.0, 35°C, MC80%
229.355 U/gds
Candida rugosa Coconut oil cake Urea, Peptone and
Maltose 96 h
87.76 U/g ds
Candida rugosa
DSM-2031
Yeast
Specie
s
Coconut oil cake
and Wheat bran
Deoiled rice bran,
Rice bran oil and
Mineral salts.
-
-
28°C 96h,
30°C
48.61
U/ml
58 LU/gm
dry bran
Aspergillu
s Terreus
Mustard oil cake - 30°C, 96 h, pH-
6.0
1566.67 ±
133.33 U/ml
Aspergillus niger
IIT 53A14
Wheat bran and
Olive oil
-
Soap stock
32°C, 48 h, pH 6.3-6.6
32°C, 48 h, pH 6.3-6.6
48.6 U/gds
62.5 U/gds
Aspergillus niger Shea butter cake Tween 20
30°C, 7 days, pH 7.0
3.35 U/g
Aspergillus. sp Wheat bran -
30°C, 96 h, pH 7.0
13.1 U/ml
Aspergillus niger Soya bean and
Rice husk
-
37°C, pH 7.7, 96 h
4.23 U/ml
3.2 Solid State Fermentation
SSF is defined as the fermentation involving solids in the absence (or near absence) of free
water. However, the substrate must possess enough moisture to support growth and metabolism
of microorganism. Therefore, it can be used either as support or as a carbon-energy source. Solid
state fermentation (SSF) is an interesting process for lignocellulose-degrading enzymes
production at low cost, due to the possibility of using agricultural and agroindustrial residues as
substrate for microbial growth. Filamentous fungi are considered to be the most adapted
microorganisms for SSF, since their hyphae may grow on the particles surface and penetrate the
intra-particle spaces, and thus colonize solid substrates. The selection of an appropriate substrate
is a key factor for the success of SSF. Besides having the adequate composition to induce the
desired product, the particles size should also be considered, since this is a factor that greatly
influences SSF. Small particles offer more contact surface, allowing more access of the
microorganism to the nutrients; however, depending on the type of substrate and on the moisture
level, it can get compacted, impairing aeration and oxygen availability, as well as heat
dissipation, limiting microbial growth. Big particles, on the other hand, facilitate aeration,
however may hinder microbial access, limiting substrate contact surface and making heat
transfer difficult.
Other parameters should also be evaluated and optimized for higher process efficiency, such as
initial moisture and pH, incubation temperature, aeration, inoculum size, nutrient
supplementation, extraction and purification of the final product. Also the differences between
SSF and SmF are given in table 2.
Interestingly, many workers have reported exploitation of agricultural by-products in SSF for
enzyme production and several of these reports deal on lipase production by SSF. Extraction of
products from the fermented solids is one of the most critical unit operations in a SSF process
and an efficient downstream processing is essential for the overall economics of the SSF process.
Also the traditional static SSF has difficulties in mass and heat transfer. Scale up, purification of
end products and biomass estimation are the major challenges that led the researchers to thrive
hard to find the solutions. Scale up in SSF has been a limiting factor since long but recently with
advent of biochemical engineering a number of  bioreactors have been designed which could
overcome the problems of scale up and to an extent also the on-line monitoring of several
parameters, as well as heat and mass transfer.
Table 2: Basic Differences in Solid state Fermentation and Submerged Fermentation
Solid State Fermentation Submerged Fermentation
Medium is not free-flowing Medium free-flowing
Shallow depth Greater
Single food substrate provides C, N2, minerals
and energy
Employed
Medium absorbs water, uptakes nutrients Dissolved in water
Gradients of T, pH Uniform
Minimum water, (less volume) More water, more volume
3-phase system 2-phase system
T, O2, water control (water critical) T, O2 control
Inoculums ratio large Low
Intra particle resistances No such resistances
Highly concentrated product Low concentrated product
3.3 Design of Fermenter for SSF
Design of fermenter for SSF processes is an important aspect. There are different types of
bioreactors for SSF used as fermenters. Most of the designs are based on two models: tray type
or drum type with or without mixing devices and modifications. Koji process for soya sauce is
considered as a representative of SSF processes. Attempts were also made to operate koji process
in drum types of bioreactors. Some researchers proposed some modifications such as dividing
the drum by baffles to achieve mixing and better product formation. Drum type of bioreactors
have often been used for the bioprocesses where mixing of substrate during fermentation was
recommended useful, which could be achieved by rotation. One disadvantage, in particular, with
high rotation is damage of fungal mycelia. Tray type of bioreactors represent the simplest type of
bioreactors that are used for SSF. The chamber consists of a large number of trays one above the
other with a gap in between for aeration. The tray may be constructed using various materials
such as wood, bamboo, metal or plastic. The top of the trays is typically opened in every
category, the bottom and sides of the tray may be perforated for following aeration of the
undersurface. The temperature of the fermented substrate is controlled by circulating warm or
cool air as necessary; also the relative humidity can be controlled by passing saturated or dry air
through the chamber.
The transfer of heat into or out of the SSF system is closely related with the aeration of
fermentation system. The temperature of the substrate is also very critical in SSF as it ultimately
affects the growth of the micro-organism, spore formation, germination, and product formation.
High moistures results in decreased substrate porosity, which in turn prevents oxygen
penetration. This may help to avoid bacterial contamination. On the other hand, low moisture
content may lead to poor accessibility of nutrients resulting in poor microbial growth. Aeration is
achieved in the reactors by blowing air through the substrate or flowing air around a static bed.
Aeration rate depends on the rate of heat removal. Water transfer, air supply and heat removal
are achieved simultaneously through proper aeration. In the same way, maintenance of
uniformity within the substrate bed could be as effective as possible. The effect of the shear
forces generated by mixing of both the substrate and the microorganism should be also
considered. In this way, it has been observed that these forces can damage the penetrative hyphae
and affect the gel substrate.
4. Literature Review
Lipases have come into prominence because of new and novel applications in oleo-chemistry,
detergent formulation, organic synthesis and nutrition. Consequently, the sourcing of enzymes is
also being expanded from the conventional animals and plants to microbial sources. The search
for newer and rugged products is continuing to find materials having specific application
potential. The development of technology for lipase production and synthesis of novel
compounds using lipase-mediated reactions will result in their expansion into new areas and will
have a major impact on a range of industries.
Lipases act on ester bonds. The usual industrial lipases are special classes of esterase enzymes
that act on fats and oils, and hydrolyze them in steps into the substituted glycerides and fatty
acids, and finally on total hydrolysis into glycerol and fatty acids. In nature, the available lipases
from various sources have considerable variations in their reaction specificities, this property
being referred to the enzyme specificity. Thus from the fatty acid side, some lipases have an
affinity for short chain fatty acids, some have a preference for unsaturated fatty acids.
Since these enzymes act at the oil-water interface, they can be used as catalysts for the
preparation of industrially important compounds. As lipases act on ester bonds, they have been
used in fat-splitting, transesterification, development of different flavors in cheese, improvement
of pallatibility of beef fat for making dog food, etc. Lipases which are stable and alkaline at pH
which are usually the suitable wash conditions for enzyme containing detergent powders and
liquids, have also been found, and these hold potential for use in the detergent industry.
Many workers have exploited fungi as valuable sources of lipase due to their following
properties: thermal stability, pH stability, substrate specificity and activity in organic solvents.
Fungal lipases have benefits over bacterial ones due to the fact that present day technology
favors the use of batch fermentation and low cost extraction methods. The chief producers of
commercial lipase are Aspergillus Niger, Candida cylindrecia, Rhizopus oryzae etc.
It can be said that lipase producers are widespread in the fungal kingdom and are of much
biotechnological interest in both research and applications.
4.1 Applications of Lipases
Microbial lipases constitute an important group of biotechnologically valuable enzymes, mainly
due to versatility of their applied properties and ease of mass production.
Fat and Oil Industry:
Fats and oils are important constituents of foods. Lipases allow us to modify the properties of
lipids by altering the location of fatty acid chains in the glyceride and replacing one or more of
these with new ones. In this way, a relatively inexpensive and less desirable lipid can be
modified to a higher value fat. Lipases catalyze the hydrolysis, esterification and inter-
esterification of oils and fats. Among the lipolytic conversion of oils and fats, esterification and
interesterification are used to obtain value added products, such as specialty fats and partial
glycerides by using positional and fatty acid specific lipases, and have greater industrial potential
than fatty acid production in bulk through hydrolysis.
Bakery Industry:
In baking industry, there is an increasing focus on lipolytic enzymes. Recent findings suggest
that (phospho) lipases can be used to substitute or supplement traditional emulsifiers since the
enzymes degrade polar wheat lipids to produce emulsifying lipids in situ. Lipase was primarily
used to enhance the flavor content of bakery products by liberating short-chain fatty acids
through esterification. Along with flavor enhancement, it also prolonged the shelf-life of most of
the bakery products. Texture and softness could be improved by lipase catalyzation.
Lipases as Biosensors for Food Industry:
Immobilized lipases are fast, efficient, accurate and cost effective as sensors for the quantitative
determination of triacylglycerol. This application is important in the food industry, especially in
fats and oils, beverages, soft drinks, pharmaceutical industries and also in clinical diagnosis. The
basic concept of using lipase as biosensors is to generate glycerol from the triacylglycerol in the
analytical sample and to quantify the released glycerol by a chemical or enzymatic method.
.
Lipases for Pharmaceutical Application:
Profens, a class of non-steroidal anti-inflammatory drugs, are active in the(s)-enantiomer form.
Lee et al (1995) and Xieet al (1988) synthesized pure (s)-ibuprofen using lipase catalyzed kinetic
resolution via hydrolysis and esterification, respectively. In addition to racemization in situ,
lipases are also capable of catalyzing synthetic reactions, which has led to the production of life
saving drugs. Efficient kinetic resolution processes are available for the preparation of optically
active homochiral intermediates for the synthesis of nikkomycin-B, nonsteroid anti-inflammatory
drugs (naproxen, ibuprofen, suprofen and ketoprox), the potential anti-viral agent lamivudine,
and for the enantiospecific synthesis of alkaloids, antibiotics, vitamins, and anti- arteriosclerotic,
anti-tumor and anti-allergic compound.
Lipases in pulp and paper industry
‘Pitch,’ or the hydrophobic components of wood (mainly triglycerides and waxes), causes severe
problems in pulp and paper manufacture. Lipases are used to remove the pitch from the pulp
produced for paper making. Nippon Paper Industries, Japan, have developed a pitch control
method that uses the Candida rugosa fungal lipase to hydrolyze up to 90% of the wood
triglycerides.
Table 3: Uses of lipases
Industry Action Product or application
Detergents Hydrolysis of fats Removal of oil stains from fabrics
Dairy foods Hydrolysis of milk fat, cheese
ripening,
modification of butter fat
Development of flavoring agents in
milk, cheese, and butter
Bakery foods Flavor improvement Shelf-life prolongation
Beverages Improved aroma Beverages
Food dressings Quality improvement Mayonnaise, dressings, and
whippings
Health foods Transesterification Health foods
Meat and fish Flavor development Meat and fish products; fat removal
Fats and oils Transesterification; hydrolysis Cocoa butter, margarine, fatty acids,
glycerol, mono-, and diglycerides
Chemicals Enantioselectivity, synthesis Chiral building blocks, chemicals
Pharmaceuticals Transesterification, hydrolysis Specialty lipids, digestive aids
Cosmetics Synthesis Emulsifiers, moisturizers
Leather Hydrolysis Leather products
Paper Hydrolysis Paper with improved quality
Cleaning Hydrolysis Removal of fats
4.2 Lipase production conditions
Most of the microbial lipases are extracellular, being extracted through the cell membrane into
the culture medium. The amount of lipase produced is dependent on several environmental
factors, such as temperature, pH, carbon and nitrogen sources, agitation and dissolved oxygen
concentration. Certain inducers have a profound effect on the stimulation of lipase production.
These include: triglycerides, free fatty acids, bile salts and glycerol.
Agro industrial wastes are valuable sources of lignocellulosic materials. The lignocellulose is the
main structural constituent of plants and represents the primary source of renewable organic
matter on earth. It can be found at the cellular wall, and is composed of cellulose, hemicellulose
and lignin, plus organic acids, salts and minerals. Therefore, such residues are superior substrates
for the growth of filamentous fungi, which produce cellulolytic, hemicellulolytic and ligninolytic
enzymes by solid state fermentation (SSF). These fungi are considered the better adapted
organisms for SSF, since their hyphae can grow on the surface of particles and are also able to
penetrate through the inter particle spaces, and then, to colonize it. Filamentous fungi are the
most distinguished producers of enzymes involved in the degradation of lignocellulosic material,
and the search for new strains displaying high potential of enzyme production is of great
biological importance.
Ashok Pandey reported that cassava can serve as an ideal substrate for microbial processes for
the production of value added products. This is because cassava bagasse is a fibrous material and
it contains 30-50% starch on dry weight basis. It is also having rich organic nature and low ash
content. Attempts have been made to produce several products such as organic acids, flavor and
aroma compounds, and mushrooms from cassava bagasse.
Vijay Gunasekaran reported the lipase production by A.Niger using wheat bran as substrate. The
enzyme is characterized with regard to thermostability, pH stability, optimum temperature and
pH for enzymatic reaction. Effects of oils such as olive oil, mustard, sesame, castor, sunflower
and coconut oils in the growth medium have been studied. Several researchers have already
reported the use of immobilized whole cells system for lipase production. Batch and repeated
batch experiments have been carried out for lipase production using immobilized C.Rugosa cells
in expanded bed reactors, having various gel supports with enriched medium. R.Arrizhus cells
have been immobilized on polyurethane foams and effect of parameters like glucose
concentration, pH, inoculums size and agitator speed has been studied on lipase production.
There were reports of effect of soap stock acting as an inducer in lipase activity. Soapstock is
composed of soap, neutral oil and water. The neutral oil is available for fungus growth and lipase
production. The presence of cations (soap content and/or ash content of respectively 27.10% and
4.04%) is a beneficial factor for fungus growth and enzyme production. Lipase activity is
dependent upon the type and not the amount of the lipid used as inducer. The high concentration
of free fatty acids in the fatty acid residue seems to have inhibited lipase production. Stearin was
a slightly better inducer than olive oil, under the test conditions whereas soapstock was the best
for lipase production. The effect of lipase activities using different inducers is given in table 3.
Table 4: Maximal lipase activities obtained in SSF using different substrates and inducers
Organism Substrate Inducer Activity(U/gds)
Rhizomucor Pusillus Sugarcane bagasse - 4.99
R.rhizopodiformis Sugarcane bagasse - 2.67
Rhizomucor Pusillus Sugarcane bagasse Olive oil cake 20.24
R.rhizopodiformis Sugarcane bagasse Olive oil cake 79.6
Aspergillus Niger Gingelly oil cake - 363.6
Aspergillus Niger Wheat bran - 303.2
P.restrictum Babassu oil cake Olive oil 30.3
R. oligosporous Almond meal - 48
As reported by Bala, Plackett-Burman design was used to efficiently select important medium
components affecting the lipase production by Aspergillus niger using shea butter cake as the
main substrate. Out of the eleven medium components screened, six comprising of sucrose,
(NH4)2SO4, Na2HPO4, MgSO4, Tween-80, and olive oil were found to contribute positively to
the overall lipase production with a maximum production of 3.35U/g. Influence of tween-80 on
lipase production was investigated, and1.0%(v/w) of tween-80 resulted in maximum lipase
production of 6.10U/g.
A report on the lipase production by Aspergillus Niger and Pencillium species suggests
sugarcane bagasse as a good co-substrate along with wheat bran and soy bran. Strains studied
achieved maximum lipase activities with 25% sugarcane bagasse  combined with 75% wheat
bran or soyabran at 40% moisture content. The highest lipase activities were observed for WB
and SB, and for SB combined with CB using Aspergillus sp. Fermentation of 96 h was the
optimum period for enzyme production.
For an extracellular lipase of Pe. citrinum, Sztajer and Maliszewska obtained maximal
production in a medium that contained 5% (w/v) peptone (pH 7.2). Nitrogen sources such as
corn steep liquor and soybean meal stimulated lipase production but to a lesser extent than
peptone. Urea and ammonium sulfate inhibited lipase synthesis. Lipolytic activity (1120 U/L)
was determined by titration of the free fatty acids released from olive oil incubated with the cell-
free broth.
Aspergillus oryzae produced maximal alkaline lipase in a medium that contained yeast extract
(1%), polypeptone (2%), and soybean meal (3%) as nitrogen sources. The enzyme produced had
an activity optimum at pH 7.5 and 10.0, respectively, with olive oil and tributyrin as substrates.
A Brazilian strain of Pencillium citrinum produced a maximal lipase activity of 409 IU/mL in a
medium that contained yeast extract (0.5%) as the nitrogen source. A decrease in yeast extract
concentration reduced the attainable lipase activity. Replacement of yeast extract with
ammonium sulfate diminished lipase production.
Pokorny et al  reported that lipase production by A. niger was enhanced in the presence of Mg2+.
Maximal lipase production by P. pseudoalcaligenes KKA-5 occurred at Mg2 + concentration of
0.8 M. Exclusion of the magnesium ions from the medium caused approximately 50% reduction
in lipase production , but supplementing the medium with calcium ions did not affect lipase
production.
There are few commercial lipases mainly from fungi and bacteria and are used in various
applications.
Table 5: Commercially available lipases, their sources and industrial applications.
Type Source Application Marketing Company
Fungal Lipases Candida Rugosa Organic Synthesis Amano(Japan),
Biocatalysts(UK),
Genzyme, Sigma
Candida Antarctica
A/B
Organic Synthesis Novonordisk,
Boehringer
Mannheim
Thermomycis
Lanuginosus
Detergent additive Novonordisk,
Boehringer
Mannheim
Rhizomucor Miehei Food processing Novonordisk,
Biocatalysts, Amano
Bacterial Lipases Burkholderia cepacia Organic synthesis Amano, Fluka,
Boehringer
Mannheim
Pseudomonas
Alkaligenes
Detergent additive Genencor
International (USA)
P. Mendocina Detergent additive Genencor
International (USA)
Chromobacterium
Viscosum
Organic synthesis Asahi, Toyo
Jozo(Japan)
4.3 Lipase Assays
Various techniques have been used to determine the lipase enzyme activity. The commonly used
techniques are turbidimetry, interfacial tensiometry, atomic force microscopy, infrared
spectroscopy, titrimetry, colorimetry, flourimetry, chromatography, electron microscopy and
immunodetection.
Table 6: Different techniques for lipase assays
Assay Substrate used Product
analyzed Principle Remarks
Turbidimetry assay
Tween20 in the
presence of
CaCl2
Released
fatty acids
Optical density increase at
500 nm due to
precipitation in the form of
calcium salts
Simple and
quantitative but
Tweens are not
specific substrates
for lipases
Interfacial
tensiometry
Lipid
monolayer
spread on
surface of
aqueous phase
Fatty acids
Monitoring of surface
pressure change due to
dissolution of lipids using
electro microbalance and
Teflon barrier
Highly sensitive
reliable
measurements,
Oil water
interface Fatty acids
Tensiometers for oil drop
method
Low amounts of
lipids used, but
requires very
sophisticated
equipments
Atomic force
microscopy
Lipid bilayer
supported on
Mica
Fatty acids
Lipid dissolution forms
holes in the bilayer an the
increase in area of holes
with time is monitored
using real time images
Nano scale assay
and hence requires
very sophisticated
instruments
Infrared
spectroscopy
Triacyl
glycerols
(TAG)
Free fatty
acids and
Fatty acid
esters
In the Fourier transform IR
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5. Materials and Methods
5.1 Lipase production by Solid State Fermentation
There are several recent publications describing the solid state fermentation of agro-industrial
residues such as rice bran, rice husk, potato wastes, cassava husk, wheat bran, sugar cane
bagasse, sugar beet pulp, palm kernel cake, rice straw, cocoa pod, fruit wastes etc. into bulk
chemicals and value added fine products such as ethanol, enzymes, antibiotics, biofuel,
mushrooms, organic acids, amino acids, biologically active secondary metabolites. In principle
SSF refers to the microbial growth on moist solid substrates or within the pores without free flow
of water. The required moisture for SSF exists in the solid as absorbed or complex form is more
helpful for oxygen availability to the microbial population. In SSF the microbe is in contact with
atmospheric oxygen unlike in submerged fermentation (SmF). SSF is simpler and requires less
processing energy.
SSF Process Methodology
In any SSF process the basic steps carried out are:
1. The preparation of a solid substrate .
2. Sterilization of the substrate.
3. Rising of suitable inoculum. Traditional or pure culture technique.
4. The inoculation of the moist substrate
5. The incubation in appropriate culture of vessels or reactors.
6. Maintenance of optimal conditions. (pH, T, Hm, mixing, aeration, flow pattern, Q, NA)
7. Harvesting of solids
8. Drying / Extraction of product
9. Further downstream processing if necessary.
5.2 Developing a novel substrate
Experiments were done to produce lipase by SSF. The different types of substrates tried were
rice husk, wheat bran, cotton seed cake and red gram husk. Different mixtures of substrates rice
husk, cotton seed cake and red gram husk were prepared by taking different proportions of them.
Using these substrates for SSF, the lipase activity in each case is determined and the maximal
lipase activity obtained is noted of all these. That particular substrate which gave maximal lipase
activity is considered as a novel substrate. The ratios of rice husk, cotton seed cake and red gram
taken are 2:2:1, 1:2:1, 2:1:1, 1:2:2, 1:1:1.
Preparation of SSF medium
To 100mL of distilled water, the following are added in g/gdss
1. Glucose-3%
2. Olive oil-3%
3. NaH2PO4-1.8%
4. KH2PO4-0.3%
5. MgSO4.7H2O-0.045%
6. CaCl2-0.0375%
7. Yeast Extract-1.5%
Methodology
5g of substrate is taken  in a 250 mL Erlenmeyer flask. After adding saline medium such that the
moisture content is 60%, the contents are stirred properly. The inoculum is added by taking a
loop of the fungal strain Aspergillus Niger (MTCC 872). Before adding the inoculums, both the
medium and substrate are autoclaved or sterilized in an autoclave at 121o C for 15 min. The flask
is incubated at a temperature of 30o C for 96h.
Sample Collection
After every 24h of fermentation, the sample from the flask is collected and is processed for
enzyme extraction and assay.
Enzyme Extraction
The sample collected is taken in a mortar. To this, a 10mL of solution containing 1% (w/v) NaCl
and 1% triton(w/v) X-100 is added and the mixture is ground with a pistel. The resulting solution
is then filtered and centrifuged at 10000 rpm and the supernatant obtained is used as an enzyme
source.
Lipase Assay
Enzyme assays are performed to serve two different purposes: (i) to identify a special enzyme, to
prove its presence or absence in a distinct specimen, like an organism or a tissue and (ii) to
determine the amount of the enzyme in the sample. While for the first, the qualitative approach, a
clear positive or negative result is sufficient, the second, the quantitative approach must deliver
data as exact as possible. During the enzyme reaction product accumulates in amounts exceeding
by far the intrinsic enzyme concentration. However, the conclusion from the product formed
back to the amount of enzyme in the sample comprises various difficulties and pitfalls.
Basically, lipases act on triglycerides and the released products are fatty acids. These acids are
titrated with a known base and using the burette reading, the lipase activity is calculated.
Materials Required
(1) 2% (w/v) Polyvinyl alcohol (PVA): 2g of PVA was added to 100ml of distilled water and
dissolved by boiling in a waterbath with continuous stirring.
(2) Commercial grade olive oil
(3) Preparation of substrate emulsion: 75ml of 25 (w/v) PVA was sonicated with 25ml of olive
oil
(4) 0.1 M potassium phosphate buffer, pH 7.0
(5) Acetone-alcohol mixture: 1 vol of acetone mixed with 1 vol of 95% ethanol.
(6) Standardized NaOH : 0.05N
(7) Indicator : 0.1g of phenolpthalein dissolved in 100ml of 95% ethanol.
Methodology
5ml of olive oil emulsion substrate is taken in an Erlenmeyer flask. To that, 20ml of 0.1M
potassium phosphate buffer and 1ml of the cultural enzyme is added. The contents are well
stirred and the flask is incubated in a rotary shaker at a temperature of 30oC at 130 rpm for 30
minutes of time. After that, the reaction is quenched with a 15ml acetone-ethanol mixture each
containing in the ratio 1:1. The fatty acids are released in the flask after this and then it is titrated
against NaOH of 0.05N by adding a phenolphthalein indicator. The solution turns to pale pink.
The burette reading is noted. Similarly, a blank assay is done by adding the enzyme after adding
acetone-ethanol mixture and it is used as a control.
Lipase Activity Calculation
Lipase Activity (U/l) = (A*c*106)/V
A = mL of NaOH per minute (burette reading)
U= µmoles of fatty acids released per minute
C= concentration of NaOH in mmoles/lit
V=sample volume in µl
106 converts volume sample to liters
One lipase unit is defined as the amount of enzyme that liberated 1 µmol fatty acid per minute
under the assay conditions described.
5.3 Optimization of process parameters
After determining the novel substrate, time course studies of lipase activity is studied. By this,
optimum time for fermentation is determined. Then the remaining parameters such as
temperature, moisture content and pH are also optimized. The temperature is optimized by
carrying out SSF at different temperatures viz., 30oC, 35oC, 40oC and 45oC. Similarly the
moisture content is optimized by varying the volume of saline medium in different percentages
55, 60,65,70,75. The optimum pH is determined by using phosphate buffers of different pH, used
during lipase assay. The phosphate buffers used were of pH 6, 6.5, 7, 7.5.
5.4 Scale up of lipase production by SSF
Scale-up has been defined technically in a variety of ways by different workers. Scale-up is not
just a one-way procedure involving smaller to larger size systems but also includes the reverse,
commonly referred to as scale-down. The latter is also valuable for obtaining additional
information in less-expensive ways of carrying out procedures and is characterized by simplicity
and efficiency. Scale-up is therefore the crucial link in transferring a laboratory scale process to
commercial production scale. It also provides a large quantity of the product which might be
required for product evaluation and toxicological studies. Unsuccessful scale-up results in wasted
time spent on cost-intensive laboratory scale work and also forces the withdrawal of prospects
thought earlier to be potentially profitable. The stages of scale-up are (a) Flask level (b)
Laboratory fermenter level (c) Pilot fermenter level (d) Production fermenter level.
There are few problems associated with scale-up:
1. Variations in the biomass formed
2. Large scale inoculum development
3. Medium sterilization
4. Aeration
5. Agitation
6. Heat removal
7. Moisture content of the solids
8. Contamination control
9. pH control
10. Heterogeneity
11. Downstream processing
12. Waste management
Using the novel tri-substrate and the optimized parameters: time, moisture content, temperature,
pH the lipase production by SSF is carried out at a level of 100g and 1000g. 100g scale up is
done in a 1 litre Erlenmeyer flask whereas scale up to 1 kg is done in a tray fermenter and the
lipase activities are determined. Thereby effect of scale up by SSF is studied.
5.4.1 Scale-up to 100g capacity
Methodology
The novel tri-substrate of quantity 100g which contains rice husk, cotton seed cake and red gram
pulse in the ratio 2:1:1 i.e., 50g rice husk, 25g cotton seed cake and 25g of red gram pulse are
taken in a 1 liter Erlenmeyer flask. The contents are sterilized in an autoclave at 121oC for 15
minutes. Inoculum is then added to the flask and incubated at optimum temperature i.e., at 40o C
for 48hrs. The lipase activity is then determined.
5.4.2 Scale-up in a tray fermenter
Methodology
A steel tray of dimensions length: 45.2cm, breadth: 42.7cm and height: 2.2cm is taken. In that
1000g of sterilized tri-substrate, containing rice husk, cotton seed cake and red gram pulse in the
ratio 2:1:1 is taken. The inoculum is then added and the tray is kept in an incubator at a
temperature of 40oC for 48hrs. After fermentation, a sample is collected for determining lipase
activity.
6. Results and Discussions
6.1 Effect of substrates for maximum lipase production
Experiments were done to determine the optimal lipase activity by using different ratios of the
components of substrate mixture. The maximum lipase activity is obtained for the substrate ratio
2:1:1 after 24h of fermentation. All substrate ratios except 1:2:2 showed maximum activity only
after 24 h of fermentation. Substrate containing wheat bran alone showed an enzyme activity of
4.17U/ml while substrate of 2:1:1 proportion showed an enzyme activity of 6.74U/ml. After
determining the optimum substrate proportion, experiments on optimization of physico-chemical
parameters is carried out. The lipase activities for different ratios of substrates are given in table
below.
Table 7: Effect of substrate composition on lipase activity
Substrate ratio
(R:C:P)
Maximum Lipase Activity (U/gdss)
24h 48h 72h 96h
2:2:1 5.19 2.11 1.60 4.23
1:2:1 4.90 1.93 1.90 1.79
2:1:1 6.74 1.95 1.69 2.33
1:2:2 2.16 1.77 1.71 4.37
1:1:1 3.11 1.86 1.77 1.54
R: Rice husk, C: Cotton seed cake, P: Red gram pulse
6.2 Effect of parameters for maximum lipase production
6.2.1 Effect of Temperature
Experiments were done to optimize the temperature at which the novel tri-substrate gives
maximum lipase activity. Four different temperatures were maintained by keeping the flasks in
incubator. The maximum lipase activity is obtained at a temperature of 40oC, after 48h of
fermentation and the value is 12.08 U/gds. The results are illustrated by table 8 and figure 2.
Table 8: Effect of Temperature on lipase activity
Temperature (o C) Maximum Lipase activity (U/gds)
24h 48h 72h 96h
30 11.47 11.33 11.33 8.44
35 8.46 9.21 8.32 8.97
40 11.75 12.08 10.41 7.63
45 10.23 10.74 9.17 8.74
Fig 2: Effect of different temperatures (30oC-45oC ) for maximum lipase activity
6.2.2 Effect of Moisture
By varying the volume of saline medium, different percentages of moisture contents were
attained. For the different moisture contents used, maximal lipase activity was determined in a
time interval of 24h for duration of 96h fermentation. After 48 h of fermentation at 40oC, the
maximum lipase activity is found for the moisture content of 70 %( w/v). After doing this
experiment, optimum time, temperature and moisture content are obtained. The results are
illustrated by table 9 and figure 3.
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Table 9: Effect of moisture on lipase activity
Moisture Content
(%)
Maximum Lipase activity (U/gds)
24h 48h 72h 96h
55 9.65 9.32 9.73 8.88
60 10.94 11.43 11.00 11.45
65 16.62 16.59 15.94 12.55
70 22.76 25.75 17.72 16.02
75 28.19 25.52 18.83 17.54
Fig 3: Effect of different percentages of moisture (55-75) for maximum lipase activity
6.2.3 Effect of pH
It can be noticed that the lipase exhibits maximum activity when assayed with buffer pH 6.0.
This shows that the lipase is acidic in nature. The maximum activity obtained is 25.12U/gds.The
potassium buffers of different pH i.e., in the range 6 to 8 are taken. The results are illustrated by
table 10 and figure 4.
0 24 48 72 96
0
5
10
15
20
25
30
Li
pa
se
 A
ct
iv
ity
 (U
/g
ds
)
Time (h)
55%
60%
65%
70%
75%
Table 10: Effect of pH on lipase activity
pH Maximum Lipase activity (U/gds)
24h 48h 72h 96h
6.0 23.5 25.12 21.98 21.02
6.5 17.72 18.61 17.58 17.32
7.0 12.47 12.84 12.32 11.62
7.5 6.25 6.59 6.33 6.14
8.0 3.44 3.66 3.40 3.22
Fig 4: Effect of different pH (6-8) for maximum lipase activity
6.3 Effect of scale up in maximum lipase production to 100g
By taking the optimized ratio of tri-substrate i.e., 2:1:1 (rice husk: cotton seed cake: red gram) of
100g in an Erlenmeyer flask and maintaining the optimized parameters, the lipase activity is
determined after 48h of fermentation. The lipase activity is found to be 24.38U/gds which is less
than the activity found using 5g of substrate 27.2U/gds. This shows that during scale up the
activity has decreased due to the problems associated with scale up.
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6.4 Effect of Scale up in maximum lipase production to 1kg in a semi-pilot level fermenter
This experiment was carried out in a tray in static condition in which 1 kg of substrate is taken.
The substrate is inoculated and incubated at optimum temperature. Also optimum moisture
content and pH are maintained. After 48h of fermentation, the lipase activity is found to be
21.62U/gds. The lipase activity declined when scaled up to 1 kg. It may be because of the
problems like aeration and agitation when scaled up in a tray.
Table 11: Lipase activity for different amount of tri-substrates-scale up
Substrate (g) Lipase Activity(U/gds) at 48h
5 27.2
100 24.38
1000 21.62
Fig 5: Effect of Lipase activity for different amount of tri-substrates-scale-up.
7. Conclusions
The lipase produced by SSF from the fungal strain Aspergillus Niger (MTCC 872) is acidic in
nature because the optimum pH found is 6.0. The lipase production supports Solid State
Fermentation as the optimum moisture content is 70%. After 48h of fermentation at a
temperature of 40o C, the lipase activity is found to be maximum for 5g of substrate. But as the
lipase production has been scaled up from flask level to tray level, the lipase activity has been
declined.
8. Future Perspectives
In future, downstreaming processes for purification of lipases and estimation of protein should be
done. There can be studies to be done on effect of salts, surfactants and metal ions for maximum
lipase activity. Optimization of process parameters for production of lipase by SSF in semi-pilot
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scale have to be done. Flask experiments for biomass estimation by glucosamine method and to
perform biomass studies from semi pilot plant can be done.
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